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ABBTRAOCT

This paper investigated the sxtent to which changes
in flash frequency would change the effsotiveneses
of a warning light in elioiting a reaction, Ten
subjeots wore required to judge whioh flashing
light they would turn off firast, It was found that
the effeotiveness of the waraing light inoreaséd:'’
ad’a direct function of the flagh rate, reaching
maximal effeotiveness at epproximately 10 ops.
Further inoreases in frequenoy produced a deorease
in effeotiveness, There is same evidence to indi=
oate that effectivoness, apparent fluotuationa,

and disagrecablenecas all very in the same way as

a funotion of flash rate,




BFFBCTIVEBNESS OF WARNING LiGHTS
A8 A PUNCTION OF FLABSH RATBH

In meny practioal situatvicns, warning lights are used to indicate the presence
of a malfunotion of equipment, Often there are several warning lighte on a
iven displey with different lights appearing for different malfunotions,

inoe same malfunotions are more crucial than others, it is desirabdle to oonvey
this information Yo the operatar so that these can be correcoted firsts One
obvious wolution 13 to label or ocode the lights, In addition to this, it would
be highly desirable to use some stimulus characberistios of e lights them=
selves to produse "response demand", The present study i acmoerned with the
offeot of different Ilash rates in elioiting such reaponse demand,

PROOCEBDURS

Ideally, the subject might be presented with two or more flashing lights and
required to do sanething to turn off one of the lighta before the others. This
situantion would be fairly ocomparable to that of an operator whe must repair the
fault assoolated with one warning light as opposed to a fault assooiated with
another light, Due to ourrent apparatus limitations, however, in the present
8 budy '?ho subjoots were simply asked “whiech warning light would you turn off
first? ,
Ton male volunteer subjects were used signly in sessions of approximately
20 minutes duration, Bach subjeot sat about 2 feet fram two Btrobotacs® in a
moderately illuminated room, o Btrobotacs were 12 inches apart and trans-
mitted light to the subjeot's view through a 8/4 inoh diameter aperture,
These apertures were oovered with a thin velum paper to diffuse the light,
During each stimulus presentation, both ltro{souu flashed simultaneocusly,
oaoh at its own rate, The duration of each flash was oonstant at approximately
1 x 100 geoondss Ten different flash rates from 1 to 60 ops were given in a
sequonce which was balanoced for position effeotss Ferty-five presentations
wore given to eaoch subjeot via the method of paired oomparisons, Unlimited
timo was allowed for a ohoise and about five swoonds elapsed betwesn presenta-

bions,

* Maruiyotured by the Goneral Radio Gcrparation, Model $631-BL,




REBULTS AND DIBCURSION

The results are prosented in Figure 14 The average percent preference for the
ten subjeots is plotted agninst the flash frequenoy of the warning light, Up
to ten ops, an inorease of flash rate results in an inorease in preference, At
10 ops, maximum preference is sliomn, Further inoreasos in flash rate produoce
deoreases in proference. 8inoce the preferwnoe figures for B0 &nd 60 ops are
identionl, 1t would seem that further inoreases in frequenoy would produce little
ar no effeote At the lower flash rates, however, it is quite possible that de-
oreases in frequenoy below 1 ops would further deorease the preferability of
the signale,

The data for one subjeot differed appreoiably fram the averaged data seen
in Figure 1, This atypical subjeot oonsistently preferred the lower flash
rates, and therefore, showed a maximum praforence at the lowest rates used,

The data for the other nine subjeots closely resemble each other as to the form
of the ourve, but there is same variation as to when the ourve reaches a max=
tmum (6-18 ops),

The subjective uxpunnoo of the lights seems to be related to their meas-
ured offeotiveness, At the lower rates, the lights appear simply as an alter-
nabtian of light and dark in the visual field, is 2lternation has been ocalled
"flaokerliocht"” (2). With further inoreases in flash rate above & ops, the vig-
ual field mppears as alternations of light and lighter rather than light and
dark, This latter type of mlternation has been called "flimmerlioht™ (2),

It 18 in this region of transition, 8-12 ops, . that maxitum effeotiveness oo~
ours, Additicnal inoremses in rate reduces apparent fluctuations until appar=-
ent fusion is veached at approximately 80 opss 1t appears then that effeo~
tiveness of the warning lights is assoointed with the frequency with whish the
lights appear 40 fluotuate,

8trughold (2) has investigated ths subjeotive renctions to intermittent
light stimulation using & three point soales tolerable, disagreeabdble and very
diwmagresable, iHis regults indioate that a frequensy of 1 ops was toleradble
vhile 2 ops was unpleasant, Frequenoles of 3 to 8 opa fell within the very
unpleasant range, The intensity of the fliokering light was about 200 lux
meanured at the eye, In the present study where the intensity of light was
approximately 1 f'ts ocandle, muasured at the source, only two subjects report-
od the fliokerinp lights bo be disagreeadle,

Reoently Gerathewohl (1) has reported that remotion time deocreases with
inoreases in frequenoy far fairly slow flash rates up to 3 opse No relation~
ship botween resmotion time and higher flash rates were rvported, The findings
of Strughold (2) and the results of the present study appear to be oonsistent
with the work of Uerathewahl,

Fliokering 1ight has also been used olinioalily to produce photo-shook,
ie0., t0 produce abnormal rhythms in the eleotroencephalogram as a diagnostio
aid far epileptiocs (3)e In additian %o phovo-shook, intermittent stimulation
with & high intensity light has been found to produce nausea, dissiness,
fainting, ets. Whethor thesse results are a funotion of either frequency ar
intensity, or partioular oambinations of frequenoy and intensity would be
diffioult to speoify at the present,

Ab any rate 1% would appear that the results of the present atudy might
be interpreted in terms of the diuagreeable nature of intermittant stimulation
at partioular frequenocies, Howsver, a number of related variables must be
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investigated before any peneralized oconclusions oan be made, These variables
inolude intensity, ooler, on=off Auraticns, etv, These variables will b in=

vostipaved fn {uvure gtudies,
BSUMMARY AND CONCLUBSBIONGS

This study investigunted the exbent to whioh changes in flash frequenoy.would
ohange the ef'feotivensss of a warning light in elioiting a reaction, Ten aud~-
ijootn wers required to judge whioh flashing 1light they would turn off first,.

t was found that the effectiveness of the warning light inoreased as a direct
firotion of the flugh rate, reaching maximal effeotiveness as approximately 10
opss Further inoreases in frequenoy produced a deorease in effeotiveness.
There 1s same evidence to indicate that effectiveness, apparent fluotuations,
and disagroeableness all vary in the same way as a funobvion of flash rate,

Fur ther study of suoch variables as oontrast ratio, intvensity, ooler,
et0,, should make it possible to determine what kind of warning lights

should be used under a given set of oonditiona,
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